Type of Nitrogenous Base

Purine
• Adenine (A)
Type of Sugar
There are two types of Sugar present in nucleoside
• Deoxyribose (present in DNA)
• Ribose (present in RNA)
Nucleotide
A compound consists of a nitrogenous base linked to a pentose sugar (via glycosidic linkage to anomeric carbon of sugar) which is further attach to phosphate (via ester bond to hydroxyl group of sugar)
Nucleoside
A compound composes of a nitrogenous base linked to pentose sugar.
Type of Nucleoside
Adenosine Deoxyribose sugar or Ribose Sugar which is attach to phosphate group by ester bond and Adenine (a nitrogenous base).
Guanosine
Deoxyribose sugar or Ribose Sugar which is attach to phosphate group by ester bond and Guanine (a nitrogenous base).
Cytidine
Deoxyribose sugar or Ribose Sugar which is attach to phosphate group by ester bond and Cytosine (a nitrogenous base).
Thymidine
Deoxyribose sugar which is attach to phosphate group by ester bond and Thymine (a nitrogenous base).
Uridine
Ribose Sugar which is attach to phosphate group by ester bond and uracil (a nitrogenous base).
Polynucleotide
Polynucleotide consists of repeating units of nucleotides
DNA (Deoxyribonucleic Acid)
DNA stands for Deoxyribonucleic Acid. DNA is the genetic material present in the cell. In case of Eukaryotes the DNA is present in the nucleus while some amount is present in mitochondria. It is double stand.
Chromatin
DNA is bound to a protein forming a complex called Chromatin.
Forms of DNA
• B-form (Watson and Crick)
Phosphodiester Bond
A phosphodiester bond is a group of strong covalent bonds between a phosphate group and two carbon ring carbohydrates by two ester bonds. It is chemical bond that holds together the polynucleotide chains of RNA and DNA by joining a specific carbon.
Chargaff's Rule
By studying the hydolysates of DNA, Chargaff established the following facts:
• The sum of purine is equal to the sum of pyrimidine.
• The molar proportion of adenine is equal to that of thymine.
• The molar proportion of guanine equal to that of cytosine.
Structure of DNA Primary Structure
• The polynucleotide strand forms the primary structure of DNA
Secondary Structure
• Two polynucleotide strands joined by hydrogen bonds between the bases to form the secondary structure.
• Adenine ═ Thymine (two hydrogen bond)
• Guanine ≡ Cytosine (three hydrogen bond)
• The base pairing of the two strands is complementary.
• The two polynucleotide strands are antiparallel to one another.
• The distance between two nucleotides is 11 Å.
• They are twisted to form double helix.
• The diameter of the helix is 20 Å.
• A single turn of helix is 34 Å.
• The helix has a major groove and minor groove.
• The number of base pair per turn in A-form is 11 B-form is 10 Z-form is 12
Tertiary Structure
• Tertiary structure of DNA includes supercoiling of double helix.
• Histones consisting of basic proteins (like arginine and lysine), which help in stabilization of DNA by forming salt bridges due to its acidic nature.
• Nucleosome: The two molecule of each histone (H2A, H2B, H3 and H4) form a core around which 140 base pairs of DNA which is called nucleosome.
• Histone H1: It joins one nucleosome to the next is complex.
Melting Temperature of DNA
The temperature at which the half of the helical structure of DNA is lost is called melting temperature.
Denaturation
Denaturation is the loss of helical structure.
Renaturation
The process of reformation of double helix of DNA strand is called renaturation.
Genetic Code
Genetic Code: Genetic code is a dictionary of codons that specifies all the amino acids found in proteins.
Codon: A codon is a sequence of three bases in mRNA that codes for a particular amino acid.
Anti-Codon: the sequence of three bases present on t-RNA that is complementary to codon.
Stop Codon: Out of 64 codons, three are used to termination protein synthesis and is called stop codon i.e. UAA, UAG and UGA.
Start Codon: Reading of codon begins from start i.e. AUG (methionine) from 5' to 3' end of mRNA.
Characteristic of Genetic Codon Degenerate
The code is degenerate or redundant which means that many amino acids can be coded by more than one codon e.g. Arginine is specified by six different codons. The codons that code for same amino acid are called synonyms. *Only tryptophan and methionine are coded by one codon.
Specific
The same codon specifies the same amino acid in almost all the species with very few exceptions.
Comma-less or Non-overlapping
The code is read from a fixed point in continuous manner and don't overlap e.g. abc def ghi jkl represent four codons.
RNA (Ribonucleic Acid)
Difference of DNA and RNA
Structure of RNA Primary Structure
The single strand chain of polynucleotide linked by 3'-5' phosphodiester bonds make up the primary structure of protein.
Secondary Structure
The single strand structure is capable of coiling at it complementary base sequence which is stabilized by hydrophobic interactions.
Types of RNA mRNA (Messenger RNA) mRNA comprise of 5% of the cellular RNA. It carries genetic information from DNA to the cytosol.
Cap:
The eukaryotic mRNA consists of a structure called a cap at the 5' end which is a 7'-methylguanosine triphosphate (mGTP) cap. This Cap promotes translation by increasing the mRNA binding to the 40S ribosomal subunit.
Tail:
A poly (A) tail, made up of nearly 200 adenine residues exists at the 3' end. The poly (A) tail may help in transporting the mRNA from the nucleus to the cytoplasm.
tRNA (Transfer RNA)
tRNA also known as soluble RNA (sRNA) is present in cytosol. It comprises about 10-20% of the cellular RNA. The primary structure is made up of 60-110 nucleotides. tRNA include modified nucleotides that are
tRNA consists of an adaptor (that carries specific protein), an anti-codon and four loops that are
tRNA has -CCA part present at the adaptor at which the amino acid attaches.
The three dimensional structure of tRNA is like a twisted L.
The tRNA containing the amino acids with it is called charged tRNA while tRNA which is not carrying the amino acid with it is called uncharged amino acid.
rRNA (Ribosomal RNA)
There are four types of RNA present in Eukaryotes 1. 18 S 2. 28 S
Missense Mutation
In this type of mutation the change in codon results in code of another amino acid. There are three type of missense mutation:
Acceptable: A partial change in codon that changes the amino acid but does no effect the function of protein.
Partially Acceptable: A change in codon that changes amino acid but does a little effect on the function of protein. E.g. In sickle cell anemia, the mutation involves an A T transversion.
Unacceptable: A change in codon that changes amino acid and totally retards the function of protein.
Nonsense Mutation
The codon containing the changed base may become a terminating codon, thus stop the translation process prematurely.
Other Mutation
Insertion: Insertion occurs when one or more nucleotides are added to DNA.
Deletion: Deletion occurs when one or more nucleotides are removed which results in the altered mRNA.
Frame Shift Mutation:
Includes the insertion or deletion of nucleotides by numbers of nucleotides in DNA that are not multiple of three. It happens in hemoglobin Wayne, and Cystic fibrosis.
Triplet Expansion: The mutation in which a triplet of nucleotide is added. It happens in Huntington's disease.
Central Dogma of Protein Synthesis Gene
Specific sequence of polynucleotide (DNA) that codes for a particular protein is called gene.
Central Dogma of Protein Synthesis
The flow of information from DNA to RNA is named as the Central Dogma of Protein Synthesis.
Cell Cycle
The cell cycle is the series of events that take place in a cell leading to its division and duplication (replication). A continuously dividing human cell takes approximately 22 hours to divide. It consists of two periods:
1. Interphase (the period of non-apparent division) 2. Mitotic Phase (the period of division)
Interphase
The period of life cycle between two consecutive divisions is termed as interphase.
G1 (Gap 1 or Post mitotic phase)
is the period of extensive metabolic activity in which cell normally grows in size, specific enzymes are synthesized and DNA base units are accumulated for the DNA synthesis.
S Phase (synthesis Phase) during which the DNA is synthesized and the number of chromosome is double. The S phase almost always lasts for 8 hours.
G2 Phase (pre mitotic phase) is the preparing of the cell for division.
G0 phase (Resting Phase) is a phase in which the growth and replication ceases and cell goes in non-dividing state for some time or in some case for life time.
Mitosis is a type of division which insures same number of chromosomes in the daughter cells as that in the parent cell.
Meiosis is the type of division which reduces the diploid number of chromosomes to the haploid number of gametes.
Replication Suppose Model of Replication
Three model of replication was proposed
Conservative
According to this model full DNA model is converse and a new double stranded DNA is formed which is exact copy of it with all new nucleotides
Semi-Conservative
According to this model, the double helix DNA split into two different strands and a new strand is form by the attachment of complementary nucleotides to the existing strand, which conserves half of the DNA.
Dispersive Model
According to this model all the DNA molecule is broken down into its basic nucleotides and two new DNA strands are prepared from mixing of old and new nucleotide together.
Meselson and Stahl proved the semi-conservative model of replication.
Replication:
The process of copying of existing DNA is called as replication.
Step of Replication:
• The DNA strands are unzipped by an enzyme Helicase, which break the hydrogen bond between the opposite strands.
• A DNA polymerase enzyme is used for the formation of new DNA strand. DNA polymerase works under two conditions:
o It needs RNA primer. o It moves in 5' to 3' direction • The replication fork is a structure that forms within the nucleus during DNA replication. It is created by helicases, which break the hydrogen bonds holding the two DNA strands together. The resulting structure has two branching "prongs", each one made up of a single strand of DNA. It gives rise to two strands
• The leading strand is the template strand of the DNA double helix so that the replication fork moves along it in the 3' to 5' direction.
• The lagging strand is the strand of the template DNA double helix that is oriented so that the replication fork moves along it in a 5' to 3' manner.
• On the lagging strand, primase "reads" the DNA and adds RNA to it in short, separated segments, forming Okazaki fragments.
• The enzyme ligase joins the Okazaki fragment.
• RNA primers are removed and the gaps formed due to it are filled by repaired DNA polymerase.
• The DNA configuration is again maintain or reformed by enzyme called topoisomerase II.
List of major DNA replication enzymes in the replication
Enzyme Function
DNA Helicase
Unwinds the DNA double helix at the Replication Fork.
DNA Polymerase
Builds a new duplex DNA strand by adding nucleotides in the 5' to 3' direction. Also performs proof-reading and error correction.
DNA clamp
A protein which prevents DNA polymerase III from dissociating from the DNA parent strand.
Topoisomerase
Relaxes the DNA from its super-coiled nature.
DNA Gyrase
Relieves strain of unwinding by DNA helicase.
DNA Ligase
Re-anneals the semi-conservative strands and joins Okazaki Fragments of the lagging strand.
Primase
Provides a starting point of RNA (or DNA) for DNA polymerase to begin synthesis of the new DNA strand.
Telomerase
Lengthens telomeric DNA by adding repetitive nucleotide sequences to the ends of eukaryotic chromosomes
Transcription
Transcription is a process by which the genetic information present in DNA is used to specify a complementary sequence of bases in an mRNA chain by the help of enzyme.
Steps in Transcription
Three Steps are involved in RNA synthesis
Initiation
In this step the RNA polymerase bind to the region of DNA having the promoter site (a region made up of different number of nucleotide called Hogness or TATA box and CAAT box).
Elongation
Once the promoter is recognized by the holoenzyme, the RNA polymerase begins to synthesis the transcript.
Termination
The elongation continues until a termination signal is encountered.
Post-Transcription Modifications
Translation
The process in which the genetic information presents in mRNA specifies the sequence of amino acids during protein synthesis. It occurs in endoplasmic reticulum with the help of tRNA and rRNA.
Requirement for Translation
• Amino Acids • tRNA • Amino-acyl-tRNA synthetases • mRNA
